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(54) Hydrogen-generating agent and method for generation of hydrogen using the same 

(57) A handy and efficient method for generation of 
hydrogen gas, in which a reaction medium prepared by 
dissolving a metal hydrogen complex compound such 
as sodium borohydride NaBH4 in an aqueous alkaline 
solution such as a 10% by weight aqueous solution of 
sodium or potassium hydroxide is brought into contact 
with a catalyst which is a metal such as cobalt and 
nickel or a so-called hydrogen-absorbing alloy such as 
MggNi so that decomposition of the metal hydrogen 
complex compound proceeds even at room tempera- 
ture to generate hydrogen gas. The catalytic activity of 
the catalyst can be increased by subjecting the catalyst 
to a fluorinating treatment in which the catalyst powder 
is immersed in an aqueous solution of potassium fluo- 
ride acidified with hydrofluoric acid. 


CM 
< 

T- 

O) 

o 

<o 
o 


a. 
ui 


Printed by Xerox (UK) Business Services 

2.18.7 (HRsya.e 


EP 1 067 091 A2 


Description 

[0001] The present invention relates to a novel system of hydrogen-gas generation and a method for generation of 
hydrogen gas using the same on an industrially feasible scale. 

5 [0002] As is well known, various industrial methods are practiced for the generation of hydrogen gas on an indus- 
trially feasible scale including the methods of electrolysis of water, reaction of a metal with an acid, reaction of certain 
metals with a strongly alkaline compound, reaction of calcium hydride with water, steam reforming of methyl alcohol or 
methane in natural gas, releasing of hydrogen gas from a hydrogen-loaded hydrogen-absorbing metal or alloy, and so 
on. When a car-borne hydrogen supply source is desired, however, none of these prior art hydrogen-generating means 

10 are suitable for the purpose of hydrogen supply to fuel cells which must naturally be very compact in size and light in 
weight. For example, some of these hydrogen-generating means can be operated only with consumption of a large 
quantity of energy. The yield of hydrogen gas is sometimes not high enough relative to the amount of the source mate- 
rial consumed. The efficiency of the process also cannot be high enough unless the apparatus or instrument therefor is 
quite large. 

15 [0003] On the other hand, it is also known that hydrogen gas is evolved when a metal hydrogen complex compound 
such as lithium aluminum hydride LiAIH4 or sodium borohydride NaBH4, which is used as a hydrogenation reagent in 
laboratories, is brought into contact with water, sometimes resulting in eventual hazardous explosion due to evolution 
of a large volume of hydrogen gas at a time requiring utmost care. 

[0004] Thus, it is eagerly desired to develop a method and a source material for hydrogen gas generation by which 
20 the rate of hydrogen gas generation can be easily controlled with full safety. 

[0005] The present invention accordingly has an object to provide a novel and improved efficient method for the 
generation of hydrogen gas and a system or agent therefor by which hydrogen gas can be generated efficiently in a high 
yield at a readily controllable rate without any danger of explosion. 

[0006] Thus, the method of the present invention for the generation of hydrogen gas, which has been established 
25 as a result of extensive investigations undertaken by the inventor with the above mentioned object, comprises the steps 
of: 

(a) dissolving, in an aqueous alkaline medium, a metal hydrogen complex compound of a composition represented 
by the general formula 

30 

M'M'"H4.nRn> 0) 

or 

35 M"(M'»H4.nRn)2, (II) 

in which M' is an alkali metal, M" is an alkaline earth metal or zinc, M'" is an element selected from boron, alumi- 
num and gallium, R is an alkoxy group, aryloxy group or acyloxy group and the subscript n is 0, 1 , 2 or 3, to give a 
solution as a reaction medium; and 
40 (b) contacting the reaction medium, with a fluorinated or unfluorinated metal or hydrogen-absorbing alloy having 
catalytic activity for the decomposition reaction of the metal hydrogen complex compound in the reaction medium. 

[0007] Accordingly, the hydrogen-generating system of the invention comprises: 

45 (A) an aqueous alkaline solution as a medium; 

(B) a metal hydrogen complex compound of a composition represented by the general formula 

MWH4.nRn. (I) 

50 or 

M"{M"'H4-nRn)2. (II) 

in which each symbol has the same meaning as defined above, dissolved in the aqueous alkaline solution to form 
55 a reaction medium; and 

(C) a fluorinated or unfluorinated metal or hydrogen -absorbing alloy having catalytic activity in contact with the 
reaction medium. 
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[0008] In the accompanying drawings; 

Figures 1 , 2 and 3 are graphs showing the volume of generated hydrogen gas as a function of time lapsed in Exam- 
ples 1, 2 and 3, respectively 

5 

[0009] As is understood from the above summarizing description, the hydrogen source material in the inventive 
method or system for hydrogen gas generation is a metal hydrogen complex compound having a chemical composition 
represented by the general formula (I) or (II). In these formulae M' is an alkali metal element including lithium, sodium, 
potassium and rubidium, M" is an alkaline earth metal element including magnesium, calcium and strontium or zinc and 
10 m'" is an element belonging to Group 3B of the Periodic Table including boron, aluminum and gallium. The group 
denoted by R in these general formulae on the other hand, is an alkoxy group such as methoxy, ethoxy, n-propoxy, iso- 
propoxy, n-butoxy, isobutoxy, sec-butoxy, tert-butoxy, 2-methoxyethoxy and ethoxymethoxy groups, an aryloxy group 
such as phenoxy group or an acyloxy group such as acetoxy and propionyloxy groups. The subscript n to R is 0, 1 , 2 or 
3. 

15 [0010] Particular examples of the metal hydrogen complex compound represented by the general formula (1) 
include, though not limited thereto, sodium borohydride NaBH4, lithium aluminum hydride LiAlH4, sodium boron trimeth- 
oxy hydride NaBH(OCH3)3, sodium boron triacetoxy hydride NaBH(OCOCH3)3, sodium boron triphenoxy hydride 
NaBH(OC6H5)3. lithium aluminum trimethoxy hydride LiAIH(OCH3)3 , lithium aluminum ethoxy hydride LiAlHg (OC2H5), 
lithium aluminum tri(tert-butoxy) hydride UAIH(tert-C4H90)3 and sodium aluminum di(2-methoxyethoxy) hydride 

20 NaAIH2 (OCH20C2H5)2. Particular examples of the metal hydrogen complex compound represented by the general for- 
mula (II) include, though not limitative thereto, zinc borohydride Zn(BH4)2. calcium borohydride Ca(BH4)2, zinc boron 
tetramethoxy hydride Zn[B(OCH3)2H2]2 and calcium boron hexaethoxy hydride Ca[B(OC2H5)3H]2. These metal hydro- 
gen complex compounds can be used either singly or as a combination of two kinds or more. Each of these complex 
compounds is a known compound and available on the market as a selective hydrogenation agent. 

25 [0011] As a general trend, the metal hydrogen complex compounds of the general formula (I) or (II), in which the 
subscript n is not zero, have lower reactivity as compared with the compounds of which the subscript n is 0. Accordingly, 
the R-substltuted complex compounds are useful as a reaction moderator when a moderately decreased rate of hydro- 
gen gas generation is desired. 

[001 2] The hydrogen-generating reactions of these metal hydrogen complex compounds of the general formulae (1) 
30 and (11) with water are expressed by the following reaction equations: 

M'f^'"H4 . + 2H2O -4 {4-n)H2 + M'm'"02 -(- nRH 

and 

35 

(M"*H4 . nR J2 + 4H2O 2(4-n)H2 + M"f^"'204 + 2nRH, 
respectively, in which each symbol has the same meaning as defined above. 

[0013] As is understood from the above given reaction equations, the hydrogen gas generated by the reaction is a 
40 combination of the hydrogen atoms partly provided by the decomposition of the metal hydrogen complex compound 
and partly provided from the water molecules so that quite high efficiency can be obtained for the hydrogen gas gener- 
ation. For example, a hydrogen gas yield of as high as 10.9% by weight can be obtained using sodium borohydride as 
the metal hydrogen complex compound. 

[0014] In step (a) of the inventive method for hydrogen gas generation, the metal hydrogen complex compound is 
45 dissolved in an aqueous alkaline medium to give a solution as the reaction medium. The solvent from which the aque- 
ous alkaline medium is prepared by dissolving an alkaline compound is preferably water but water can be mixed with 
various water-miscible organic solvents including alcohols such as methyl and ethyl alcohols, dimethyiformamide, 
dimethylacetamide, ethyleneglycol and diethyleneglycol. It is important that these solvents never adversely affect the 
stability of the metal hydrogen complex compound dissolved in the alkaline medium. 
50 [0015] The above mentioned solvents are rendered alkaline to give an aqueous alkaline medium by dissolving, in 
the solvent, an alkaline compound Including alkali metal hydroxides such as lithium hydroxide, sodium hydroxide and 
potassium hydroxide and tetraalkylammonium hydroxides such as tetramethylammonium hydroxide and tetraethylam- 
monium hydroxide. The aqueous alkaline medium should contain at least 5% by weight or, preferably, at least 10% by 
weight of the alkaline compound dissolved therein. While no upper limit is defined for the concentration of the alkaline 
55 compound up to the saturation concentration, it is preferable that the concentration does not exceed 30% by weight 
because, when the concentration is too high, the solubility of the metal hydrogen complex compound in the aqueous 
alkaline medium is decreased. For example, good solubility of the metal hydrogen complex compound is obtained in an 
alkaline medium containing from 8 to 30% by w ight of sodium hydroxide or from 10 to 25% by weight of potassium 
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hydroxide in which the metal hydrogen corBplex compound can be dissolved with stability so as not to be decomposed. 
[0016] The reaction medium thus prepared by dissolving the metal hydrogen complex compound in an aqueous 
alkaline medium should contain the metal hydrogen complex compound in a concentration as high as possible up to 
saturation in view of the volume efficiency of the reaction medium for the generation of a unit volume of hydrogen gas. 

5 The highest possible concentration of the metal hydrogen complex compound in the reaction medium largely depends 
on the temperature of the medium. When the temperature of the reaction medium containing the metal hydrogen com- 
plex compound in the saturation concentration is decreased, the complex compound is naturally precipitated out in a 
crystalline form so that the reaction medium is no longer a uniform solution but no particular disadvantages are caused 
with such a non-uniform reaction medium containing precipitates of the complex compound. 

10 [0017] Since the metal hydrogen complex compound contained in the reaction medium remains stable without 
decomposition according to the reaction equation (I) or (II) given above, it is essential in the inventive method that the 
reaction is promoted catalyticaliy by a catalyst materia! brought into contact with the reaction medium. A catalyst mate- 
rial unexpectedly discovered by the inventor is a specific metal having catalytic activity or a so-called hydrogen-absorb- 
ing alloy which is a specific alloy such as Mg2Ni having capacity to absorb a large volume of hydrogen gas. 

15 [001 8] The above mentioned metal having catalytic activity is selected from nickel, cobalt, zirconium, rhodium, plat- 
inum, palladium, silver and gold which can be used either singly or as a combination of two or more. The hydrogen- 
absorbing alloy useful in the present invention is exemplified by the AB2-type alloys of the Laves structure including 
Mg2Ni-based alloys such as Mg2Ni alloy and eutectic alloy of Mg2Ni and Mg, ZrNig-based alloys and TiNig-based alloys, 
AB-type alloys such as TiFe-based alloys, ABs-type alloys such as LaNis-based alloys and b.c.c. alloys such as TiVg- 

20 based alloys. These metals and alloys can be used either singly or as a combination of two kinds or more. 

[0019] The activity of the above described metals and/or alloys to serve as a catalyst for promotion of the decom- 
position reaction of the metal hydrogen complex compound dissolved in an aqueous alkaline medium can be greatly 
improved by fluorinating the metal or alloy. This fluorinating treatment can be performed by dipping a powder of the 
metal or alloy in an aqueous solution of a fluorinating agent to form a fluorinated surface layer on the particles. The 

25 aqueous solution of a fluorinating agent can be prepared, for example, by dissolving a water-soluble fluoride compound 
in a concentration of 0.2 to 20% by weight to give an aqueous solution which is then acidified by the addition of 
hydrofluoric acid to bring the pH value of the solution to the range from 2.0 to 6.5 or, preferably, from 4.5 to 6.0. The 
water-soluble fluoride includes alkali metal fluorides, such as sodium fluoride and potassium fluoride, and ammonium 
fluoride either alone or as a combination of two or more, of which potassium fluoride having high solubility in water is 

50 preferable. 

[0020] A preferable concentration of the water-soluble fluoride salt in the aqueous fluorinating solution is in the 
ranges from 0.3 to 3% by weight for sodium fluoride, from 0.5 to 5% by weight for potassium fluoride and from 0.5 to 
8% by weight tor ammonium fluoride. When the concentration of the fluoride is too low, an unduly long time is taken for 
the formation of a fluorinated surface layer on the particles of the metal or alloy while, when the concentration is too 
35 high, the fluorinating reaction is limited to the actual surface of the particles so as not to give a fluorinated surface layer 
having a sufficiently large thickness. 

[0021] When the pH value of the aqueous fluorinating solution is too low, the fluorinating reaction on the surface of 
the metallic particles proceeds so rapidly that the fluorinated surface layer has decreased uniformity while, when the pH 
value is too high, the fluorinating reaction is unduly retarded so as not to give a fluorinated surface layer of an appropri- 
40 ate thickness within a practical limit of time. The amount of hydrogen fluoride added to the aqueous solution of the 
water-soluble fluoride salt for pH control depends on the kind of fluoride salt and is preferably in the range from 1 to 3 
moles per mole of sodium fluoride, from 0.2 to 3 moles per mole of potassium fluoride and from 0,2 to 1 mole per mole 
of ammonium fluoride. 

[0022] The fiuorination treatment of the metal or alloy is conducted by dipping the particles thereof in the above 
45 described aqueous fluorinating solution at a temperature in the range from 0 to 80 or, preferably, from 30 to 60 °C 
for a length of time in the range from 1 to 60 minutes so that the fluorinated surface layer on the particles has a thickness 
of 0.01 to 1 Jim which is sufficiently large for the catalytic purpose. 

[0023] The fluorinated or unfluorinated metal or alloy having catalytic activity for the decomposition reaction of the 
metal hydrogen complex compound can be used in the form of a fine powder. It is optional that the powder is consoli- 
50 dated into the form of a porous or non-porous plate or rod or granules, if convenient for being brought into contact with 
the reaction medium. 

[0024] The manner by which the reaction medium containing the metal hydrogen complex compound dissolved 
therein is brought into contact with the above described metal or alloy is not particularly limited. For example, a powder 
of the metal or alloy is gradually or portion-wise introduced into the reaction medium under agitation. Alternatively, the 
55 liquid reaction medium is passed through a column filled with granules or pellets of the metal or alloy forming a fixed 
bed at a controlled rate. 

[0025] When hydrogen gas is generated by adding a powder of the metal or alloy into the reaction medium, the fac- 
tors for controlling the rate of hydrogen gas generation include the concentration of the metal hydrogen complex com- 
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pound in the reaction medium, specific surface area of the metal or alloy powder and rate of addition of the powder to 
the reaction medium, if not to mention the reaction temperature and other conventional factors in chemical processes 
in general. When the latter method of using a fixed bed of the metal or alloy is undertaken, the determinant factors for 
the rate of hydrogen gas generation include the concentration of the metal hydrogen complex compound and flow rate 
5 of the reaction medium through the column. If decomposition of the metal hydrogen complex compound proceeds only 
partially by a single pass of the reaction medium through the catalyst bed in a column, it is optional that the partially 
depleted reaction medium is recycled to the same column or introduced into a second and further columns until com- 
plete depletion of the complex compound. 

[0026] The hydrogen gas generated by the above described inventive method can be used in any applications with- 
10 out particular limitations either as generated or after storage in a vessel containing a hydrogen -absorbing alloy which is 
capable of absorbing a large volume of hydrogen gas. Hydrogen-absorbing alloys are also useful for the purpose of 
controlling the pressure of hydrogen gas in a closed vessel by utilizing the temperature-equilibrium pressure relation- 
ship. 

[0027] In the following, the present invention is described in more detail by way of Examples. 

15 

Reference Example 1. 

[0028] Each of a 100 ml volume of eight aqueous solutions of sodium hydroxide and eight aqueous solutions of 
potassium hydroxide in concentrations of 2, 4, 6, 8, 10, 15, 20 and 30% by weight was kept at a temperature of 23.5 °C 

20 and a 1 0 g portion ot sodium borohydride NaBH4 was added thereto portion-wise to be dissolved therein. The thus pre- 
pared aqueous solutions were visually examined for the evolution of hydrogen gas and it was found that absolutely no 
hydrogen gas was generated in the aqueous solutions when the concentration of sodium hydroxide was 8% by weight 
or higher and the concentration of potassium hydroxide was 10% by weight or higher indicating good stability of the 
hydride compound. On the other hand, vigorous evolution of hydrogen gas was noted in the 2% by weight sodium 

25 hydroxide solution while hydrogen gas was generated only little by little in the 2% and 4% by weight potassium hydrox- 
ide solutions. 

Refergnce Example 2- 

30 [0029] The aqueous solutions prepared in Reference Example 1 by dissolving 10 g of sodium borohydride in 100 
ml of aqueous solutions of sodium hydroxide and potassium hydroxide each in a concentration of 10% by weight were 
kept in a hermetically sealed vessel at 23.5 °C with periodical vigorous shaking up and down after 7, 1 4, 21 and 28 days 
of standing and were visually examined after 35 days for the generation of hydrogen gas and absolutely no generation 
of hydrogen gas was detected indicating high stability of the hydride compound in a strongly alkaline aqueous solution. 

35 

Example 1 . 

[0030] A varied amount of a nickel powder having an average particle diameter of 5 ^m was taken in a round-bot- 
tom flask of 100 ml capacity, into which a 20 ml portion of an aqueous solution at 23.6 '^C prepared by dissolving 10 g 
40 ot sodium borohydride in 100 mi ot a 10% by weight aqueous solution of sodium hydroxide as a reaction medium was 
added dropwise so that evolution of hydrogen gas proceeded from the reaction mixture. 

[0031 J Figure 1 of the accompanying drawings shows the volume of hydrogen gas thus generated as a function of 
the time after addition of the reaction medium to the flask by the curves I, II and III corresponding to the amount of the 
nickel powder of 1 .0 g, 0.5 g and 0.25 g, respectively. As is understood from this graph, the rate of hydrogen gas gen- 
45 eration is largely dependent on the amount of the nickel powder added as the catalyst. 

Example 2. 

[0032] The experimental procedure was substantially the same as in Example 1 except that, in place of the nickel 
50 powder, a fluorinated nickel powder was employed in varied amounts of 1 .0 g, 0.75 g, 0.5 g and 0.25 g. 

[0033] The fluorinated nickel powder employed here was prepared in the following manner. A 3 g portion of a nickel 
powder having an average particle diameter of 5 \im was added to 20 ml of a fluorinating solution prepared by dissolv- 
ing potassium fluoride in a 46% aqueous solution of hydrogen fluoride in a molar ratio HF:KF of 1:10 and kept therein 
at 25 *'C for 30 minutes under agitation followed by filtration, washing with water and drying. 
55 [0034] Figure 2 shows the results of the volume measurements of the thus generated hydrogen gas as a function 
of time by the curves 1. 11,111 and IV corresponding to the amounts of the fluorinated nickel powder of 1 ,0 g, 0.75 g, 0.5 
g and 0.25 g, respectively. This graph also indicates the great influence of the amount of th fluorinated nickel powder 
as the catalyst on the rate of hydrogen gas generation. 
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Example 3. 

[0035] The experimental procedur was substantially the same as in Example 1 except that, in place of the nickel 
powder, powders of a hydrogen-absorbing alloy of the composition MggNi before and after a fluori'nating treatment were 
5 employed as the catalyst each In an amount of 1 .0 g. The fluorinating treatment of the alloy powder was conducted in 
the following manner. 

[0036] A 2 g portion of the alloy powder having an average particle diameter of 25 jim obtained by mechanical 
grinding was added to 20 ml of a fluorinating solution prepared by dissolving potassium fluoride in a 46% aqueous solu- 
tion of hydrogen fluoride in a molar ratio HF:KF of 1 :10 and kept therein at 25 °C for 30 minutes under agitation followed 

10 by filtration, washing with water and drying. 

[0037] Each of the unfluorinated and fluorinated alloy powders was employed after a pulverization treatment by 5 
times repeating the cycle of hydrogenatlon and dehydrogenation at 300 ''C under a hydrogen pressure of 30 atmos- 
pheres and under vaccumization, respectively, and had an average particle diameter of 25 urn or smaller. 
[0038] Figure 3 shows the results of the volume measurements of the thus generated hydrogen gas as a function 

15 of time by the curves I and II corresponding to the unfluorinated and fluorinated alloy powders, respectively. This graph 
indicates that the rate of hydrogen gas generation can be increased by almost 7 times when the catalyst Is the fluori- 
nated MgaNi alloy powder as compared with the unfluorinated alloy powder. 

Example 4. 

20 

[0039] A fluorination treatment was undertaken as described below for the powders of eight kinds of metals and 
f^g2Ni alloy, of which the average particle diameters were not exceeding 74 nm, not exceeding 74 ptm, about 149 \irr\, 
not exceeding 74 nm, 1 to 2 ^m, not exceeding 5 \irr\ and not exceeding 120 ^im for the powders of copper, manganese, 
magnesium, iron, cobalt, zinc and titanium, respectively, and the specific surface areas were 2.45 m^/g, 1 .03 nfi/g, 0.46 
25 m^/g, 0.96 m^/g, 4.22 m^/g. 1.14 m^/g, 0.19 m^/g, 2.65 m^/g and 6.50 m^/g for the powders of copper, manganese, 
magnesium, Iron, cobalt, zinc, titanium, nickel and the alloy, respectively. 

[0040] Thus, a 5 g portion of each of the powders was added to 1 00 ml of a fluorinating solution which was an aque- 
ous solution containing 6 g/liter of potassium fluoride and 0.6 ml/liter of 46% hydrofluoric acid and kept therein under 
agitation at 35 ^'C for 45 minutes followed by filtration, washing with water and drying. 

30 [0041] Next, a reaction medium was prepared by dissolving 1 g of a sodium borohydride powder NaBH4 in 100 ml 
of a 10% by weight aqueous solution of sodium hydroxide and the reaction medium at 23.6 °C was admixed with one 
of the above prepared metal and alloy powders after the fluorinating treatment in such an amount as to give a surface 
area of 1 .91 m^. The condition of hydrogen gas evolution was visually examined immediately after introduction of and 
after 5 minutes, 2 hours and 6 hours from introduction of the powder. The results were recorded and are shown in Table 

35 1 in four ratings A to D according to the criteria: 

A for violent evolution; 

B for somewhat dull evolution; 

C for slow evolution; and 

40 D for absence of evolution. 


Table 1 


Catalyst, fluorinated 

Hydrogen gas evolution, time after addition of cat- 
alyst 


Immediately 

5 minutes 

2 hours 

6 hours 

Cu 

D 

C 

B 

C 

Mn 

D 

D 

D 

D 

Mg 

D 

C 

C 

D 

Fe 

D 

D 

D 

D 

Co 

A 

A 

D 

D 

Zn 

D 

D 

D 

D 

Ti 

D 

D 

C 

D 


6 


EP 1 067 091 A2 


Table 1 (continued) 


Catalyst, fluorinated 

Hydrogen gas evolution, time after addition of cat- 
alyst 


Immediately 

5 minutes 

2 hours 

6 hours 

Ni 

D 

B 

A 

A 

MgsNi 

D 

B 

A 

A 


10 E?^OTpte ^, 

[0042] The experimental procedure was just the same as in Example 4 except for the replacement of the aqueous 
sodium hydroxide solution with an aqueous potassium hydroxide solution of the same concentration. The results of the 
visual inspection of hydrogen gas evolution are shown in Table 2. 

15 


Table 2 


Catalyst, fluorinated 

Hydrogen gas evolution, time after addition of cat- 
alyst 


Immediately 

5 minutes 

2 hours 

6 hours 

Cu 

D 

C 

B 

C 

Mn 

D 

D 

D 

D 

Mg 

D 

C 

C 

D 

Fe 

D 

D 

D 

D 

Co 

A 

A 

C 

D 

Zn 

C 

C 

C 

C 

Ti 

D 

D 

D 

D 

Ni 

D 

B 

A 

A 

MggNi 

D 

B 

A 

A 


35 

[0043] Comparison of the results shown in Tables 1 and 2 indicates that: 

the fluorinated cobalt powder exhibits high catalytic activity already just after addition to the reaction medium but 
loses the activity within several tens of minutes; 
40 the fluorinated zinc powder exhibits low but lasting catalytic activity only in a medium of potassium hydroxide; 

the fluorinated nickel and MgeNi alloy powders start to exhibit the catalytic activity at a moment after several min- 
utes from addition and high activity lasts for longer than 6 hours in both of the sodium hydroxide and potassium 
hydroxide media; and 

fluorinated titanium, iron and manganese powders do not exhibit catalytic activity. 

45 

Claims 

1 . A method for generation of hydrogen gas which comprises the steps of: 

50 (a) dissolving, in an aqueous alkaline solution, a metal hydrogen complex compound represented by the gen- 

eral formula 

M'M"'H4.nRn, 

55 or 

M"(M'"H4.„R„)2, 
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in which M' is an alkali metal, M" is an alkaline earth metal or zinc, M'" is an element selected from boron, alu- 
minum and gallium, R is an alkoxy group, aryloxy group or acyloxy group and the subscript n is 0, 1 , 2 or 3, to 
form a solution as a reaction medium; and 

(b) bringing the reaction medium Into contact with a fluorinated or unfluorinated metal or a hydrogen-absorbing 
alloy as a catalyst, the metal being selected from nickel, cobalt, zirconium, rhodium, platinum, palladium, silver 
and gold and the hydrogen-absorbing alloy being selected from Laves-phase ABg-type alloys, AB-type alloys 
and b.c.c.-type alloys. 

2. The method for generation of hydrogen gas as claimed in claim 1 in which the subscript n in the general formulae 
representing the metal hydrogen complex compound is 0. 

3. The method for generation of hydrogen gas as claimed in claim 1 in which the reaction medium prepared by dis- 
solving the metal hydrogen complex compound in an aqueous alkaline solution has a pH of 9 or higher. 

4. The method for generation of hydrogen gas as claimed in claim 1 in which the concentration of the metal hydrogen 
complex compound in the reaction medium is in the range from 5 to 50% by weight. 

5. The method for generation of hydrogen gas as claimed in claim 1 in which the aqueous alkaline solution is an aque- 
ous solution of an alkali metal hydroxide selected from lithium hydroxide, sodium hydroxide and potassium hydrox- 
ide. 

6. The method for generation of hydrogen gas as claimed in claim 5 in which the concentration of the alkali metal 
hydroxide in the aqueous alkaline solution is in the range from 5 to 30% by weight. 

7. The method tor generation of hydrogen gas as claimed in claim 5 in which step (b) is conducted by adding the cat- 
alyst to the reaction medium or by passing the reaction medium through a fixed bed of the catalyst. 

8. The method for generation of hydrogen gas as claimed in claim 1 in which the metal as the catalyst in step (b) is 
nickel. 

9. The method for generation of hydrogen gas as claimed in claim 1 in which the hydrogen-absorbing ailoy as the cat- 
alyst in step (b) is Mg2Ni alloy 

10. The method for generation of hydrogen gas as claimed in claim 1 in which the catalyst in step (b) is a powder of the 
metal or hydrogen-absorbing alloy consisting of particles having a fluorinated surface. 
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FIG. 2 


600 

1 



TIME, minutes 


10 


EP 1 067 091 A2 


FIG. 5 
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